prostaglandin E (PGE) contents in kidney medullary tissue were determined, we found that the PGE level was significantly higher in the male rats. The activity of PG synthetase in kidney medullary microsomes to synthesize PG E2 and the effect of treatment with sex hormones on the activity were also investigated. There was no significant difference in PG synthetase activity between male and female intact rats. Subsequently, ovariectomy and orchidectomy were carried out and corn oil (control group), testosterone (2.0 mg/kg) or estradiol (0.2 mg/kg) were given subcutaneously every other day for 2 weeks. Testosterone treatment produced a significant increase in the activity of PG synthetase in males, but not in females, when compared with control values. In contrast, estradiol treatment produced a significant decrease in PG synthetase activity in both sexes. These results suggest that sex hormones may play an important role in the regulation of PG biosynthesis in kidney.
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Estradiol stimulates PG F2 production by guinea-pig uterus both in vivo and in vitro, but progesterone blocks this effect (1) . Estradiol treatment of ovariectomized rats also causes the enhancement of PG F formation by uterine microsomal fraction and the increase in uterine PGF level with con comitant decreases in the PGE formation and the PGE level (2) . Moreover, PG synthesis by rat testicular tissue was observed to be gonadotrophin and adrenal dependent (3). These observations suggest that sex hormones may regulate PG synthesis by reproductive tissues.
More recently, it was shown that estradiol and progesterone at high concentrations increased PGE and PGF synthesis by guinea pig skeletal muscle in vitro (4) . The pro duction of PGE by gingival tissue homo genates is also known to be increased by incubation with estradiol (5). Furthermore, treatment of testosterone reversed castration induced decrease in plasma PGF levels in male rats (6) . However, it is not known whether the effects of sex hormones are exerted upon other tissues which synthesize PG's.
In this investigation, the effects of treatment with testosterone and estradiol upon PGE production by kidney medulla were examined to elucidate the possible role of sex hormones in the regulation of PG biosynthesis in the kidney. Extraction of PG's from kidney medullary tissue: Adult Wistar rats of both sexes at 7 weeks of age were decapitated and the kidneys were removed and cut in half, sagittally, using a razor blade. Medullary tissue (40-60 mg) was rapidly dissected out. PG's were immediately extracted from the tissue as described previously (7) and PGE was determined by radioimmunoassay.
Treatment with sex hormones: Wistar rats of both sexes at 6 weeks of age were separated into three groups, respectively. The ovaries and testicles were excised following anaesthetization of the rats with sodium pentobarbital i.p. (males: 50 mg/kg; females: 25 mg/kg), and then fed for 3 weeks. Subsequently, the rats were given 0.5 ml/kg corn oil s.c. containing sex hormones as follows: Group I -0.5 ml/kg vehicle only (control); Group II -2.0 mg/kg testosterone; Group III -0.2 mg/kg estradiol, every other day for 2 weeks. Testosterone and estradiol were dissolved in corn oil to make up a concentration of 4.0 mg/ml and 0.4 mg/ml, respectively. Intact rats of both sexes at 12 weeks of age served as the intact groups.
Assay of PG synthetase: On the 1 5th day after the start of hormone treatment, the rats in each group were decapitated, the kidney medullary tissue was excised, and the tissue of a single rat was treated as a single sample for the assay.
The medullary tissue (120-180 mg) was homogenized in 10 volumes of 0.1 M Tris HCI buffer (pH 8.0) containing 1 mM noradrenaline and 1 mM reduced glutathione as cofactors, using a Potter Elvehjern homogenizer.
The homogenates were centrifuged at 12,000xg for 20 min. The supernatants were diluted and further centri fuged at 105,000xg for 60 min in a Beckman model L5-65 ultracentrifuge. The resultant microsomal pellet was suspended by homoge nization in an initial volume of 0.1 M Tris HCI buffer (pH 8.0) containing cofactors. An aliquot (0.5 ml) of the fraction containing approx. 0.5 mg protein was incubated with 131 ,uM arachidonic acid for 30 min at 37°C. Under these conditions, the maximal activity of PG synthetase can be obtained (8) . At the termination of incubation, the reaction mixture was boiled for 1.5 min and diluted to 5.0 ml with ice-cold Tris-isogelatin buffer (0.01 M, pH 7.4, containing 0.14 M NaCI and 0.1% (w/v) gelatin). After removal of the denatured protein by centrifugation, the supernatant fluid was subject to determination of PG's.
Protein was estimated by the method of Lowry et al. (9) with bovine serum albumin as the standard.
Determination of PGE: E series of PG was determined using a commercially available PGE radioimmunoassay kit. Briefly, PGE was converted to the corresponding PG B by alkaline treatment, which was assayed using anti-PG B1 rabbit serum.
In experiment on PGE level in medullary tissue, a standard curve was obtained with authentic PGB1 according to the kit protocol. The values were represented as PGE (mean ±S.E.) ng/g tissue.
In experiment on assay of PG synthetase, a standard curve was obtained with authentic PGB2 in the range of 41 pg -10 ng, and only the linear part of the curve (200-3,000 pg) was used. PGB2 required for 50% inhibition of the binding of [3H] PGB1 to the antiserum was 610 pg. The activity of PG synthetase was represented as PGE2 (mean±S.E.) ng/ mg protein/30 min.
The results were evaluated statistically by Student's t-test.
RESULTS
PGE content in kidney medullary tissue: As shown in Fig. 1 , the PGE level in kidney medullary tissue of male rats was more than 3-fold higher than that of female rats. This difference is statistically, highly significant (p<0.001).
PG synthetase activity in kidney medullary microsomes: As shown in Fig. 2 , there was no significant sex difference in the activity of PG synthetase in kidney medullary micro somes from intact rats.
We then examined the effects of treatment of gonadectomized rats with sex hormones on the PG synthetase. The activity of PG synthetase in control males was about the same level as in the intact males. Similary, there was no significant difference between control females and intact females (p>0.1), although there was a tendency toward a higher activity in the controls.
Testosterone treatment produced a sig nificant increase in the activity of PG syn thetase in males, but not in females, when compared with control values. In contrast, estradiol treatment caused a significant decrease in the PG synthetase activity in both males and females when compared with control values. The apparent difference between the control values of males and females was not statistically significant (p>0.05).
DISCUSSION
The present studies have demonstrated that PGE level in kidney medullary tissue is higher in males than in females (Fig. 1) . It was also observed that there was no sig nificant sex difference in the activity of PG synthetase in kidney medullary microsomes from intact rats (Fig. 2) . However, a con sistently higher level of arachidonic acid, a precursor of PG's, has been found in female rats, not only in tissues such as liver and heart but also in the plasma (10, 11) . Moreover, it is generally considered that tissue levels of PG's are regulated by the availability of their precursors, and PG synthesis is initiated by the release of free precursors from phospholipids or triglycerides (12) . Therefore, our results suggest that there may be a difference in the availability of precursors for PG synthetase between males and females.
Recently, Gecse et al. (13) reported that PG synthetase activity in kidney medullary microsomal fraction was higher in male than in female rats. They used the microsomal fraction containing 2-3 mg protein and incubated the preparation with 0.1 /1M
[14C]arachidonic acid, while in our investi gation, about the 0.5 mg microsomal protein was incubated with 131 /cM arachidonic acid. Since under a low substrate/enzyme ratio condition the sex difference appears, it seems likely that the effect of substrate concentration on PG synthetase may differ between male and female rats.
The present studies involving the treatment of gonadectomized rats with testosterone and estradiol demonstrated that these hormones exert an influence on kidney PG synthesis (Fig. 2) . Testosterone produced an enhancement in the activity of PG syn thetase in medullary microsomes in the males only. Treatment with testosterone was also shown to reverse castration induced decrease in plasma PGF levels in male rats (6) . These effects may be explained, at least in part, by the anabolic effect of androgens on enzyme proteins. However, the effect of testosterone was not observed in females and such may be due to the relatively high and variable activity of PG synthetase in the control female rats.
In contrast, estradiol suppressed the PG synthetase activity in both sexes. This finding is in agreement with that of Ham et al. (2) , who demonstrated that estradiol treatment of ovariectomized rats caused a decrease in the capacity of uterine microsomes to synthesize PGE and the uterine PGE level. However, incubation with estradiol increases the pro duction of PGE by gingival tissue ho mogenates (5), skeletal muscle (4) or kidney medullary microsomes (14) . Thus, estradiol seems to exert an influence on PGE synthesis, in a different manner between in vivo and in vitro states, or among different tissues.
The gonadal hormones, estradiol in particular, play an important role in regulating the synthesis and fatty acid composition of rat tissue and plasma phospholipids, and estradiol increases the formation of lecithins containing stearic and arachidonic acids (15, 16) . There is also evidence that in essential fatty acid deficient rats, in vitro conversion of arachidonic acid to PGE2 is increased in the renal medulla homogenates compared to the controls (17) . Conversely, the depressed activity of PG synthetase caused by estradiol treatment may be due to the hormone induced high level of tissue arachidonic acid. Another possible explanation is that estrogen treatment is known to increase renin substrate and circulating angiotensin II concentrations, and renin activity in plasma (18, 19) . Investigation of the role of PG's in renal physiology suggests that PG's may mediate or modulate the actions of vasoactive peptides such as angiotensins (20) . Angio tensin II stimulates renal PGE release by the intrarenal infusion (21) and the incubation with reno-medullary slices (22) . McGiff et al. (23) have reported that norepinephrine releases the largest amounts of PGE2 in renal venous blood when plasma renin activity is low and the least when plasma renin activity is high. This suggests that the activity of the renin angiotensin system and the activity of PG synthetase in kidney may correlate, inversely. Therefore, the suppression of PG synthetase activity in kidney medulla by estradiol treatment may be caused by the estradiol-induced stimulation of the renin angiotensin system.
In conclusion, the present studies suggest that sex hormones, estradiol in particular, may play an important role in the regulation of PG biosynthesis in kidney.
